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Global Warming —

Past Temperature Changes

Global Land—Ocean Temperature Index
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Global Warming and Hurricane Winds: S
Theory and Modeling Work Suggest ~1% Increase Today

KATRINA NOAA-16 AVHRR 28 AUG 0S 20:11 GMT
UJW-MADISON SPACE SCIENCE AND ENGINEERING CENTER
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Global Warming and Hurricane Winds:
Theory and Modellng Work Suggest 1% Increase Today
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Global Warming and Hurricanes:

Theory and Modeling Work Suggest ~3% wind increase with a
DECREASE in frequency by late 215t Century
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Global Warming and Hurricanes:
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HPa

Normalized Atmospheric Temperature Change
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" Tropical Convection Changing with Global Warming-.

_+Tropica| mean SST
=2~ SST threshold estimate (P=2mmd™")
=#= SST threshold estimate (linear P fit)
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Global Warming and Hurricanes:

Theory and Modeling Work Suggest ~3% wind increase with a
DECREASE in frequency by late 215t Century
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Increased Wind Shear from Global Warming
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Model projections of atmospheric steering of
Sandy-like superstorms

Elizabeth A. Barnes®®', Lorenzo M. Polvani®<, and Adam H. Sobel®<

“We demonstrate that
climate models
consistently projecta
decrease in the
frequency and
persistence of the
MIE  MIE H.DIE QI:II]'E L?':II'E :qu'E MTE MOE 213::5 W0E OE HMOE WeStward fIOW that |ed
=30 =20 A0 m-:?rs 10 20 a0 5900 S400 5500 ssn:_.]} 5700 GSBO0 5900 to Sandy S
C absolute vorticity (250 hPa) D tropical cyclones & zonal wind unprecedented traCk,
2000-2012 §— : ) |
- SRR Implying that future
atmospheric conditions
are less likely than at
present to propel
storms westward into

the coast.”
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geopotential height (500 hPa)
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Hurricane Charley
August 9 - 15

Hurricane Frances
August 23 — September 6

Hurricane Ivan
September2 — 17
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U.S. Humricane Damages ($ billions)

U.S. Tropical Storm and Hurricane Damages
$BILLIONS Annually - Inflation Adjusted
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Increases in personal wealth (people have more
“stuff”, and larger homes to stow their stuff, etc.) has
age from hurricanes.







Hurricane Strikes vs Population for Miami-Dade, Florida
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NORMALIZED DAMAGE...
Estimated direct damage If past storms made
landfall with present-day societal conditions

ND = f(inflation, coastal population, wealth)
Pielke and Landsea (1998)

ND = f(inflation, coastal housing, wealth)
Pielke et al. (2008)



1926 Great Miami Hurricane
© $165 Billion Today

Miami Beach 1926 Miami Beach 2006 .

Wendler Collection : Joel Gratz © 2006



U.S. Humricane Damages ($ billions)

U.S. Tropical Storm and Hurricane Damages
$BILLIONS Annually - Normalized
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What does the Atlantic
hurricane database
(HURDAT) show for changes
In time of tropical storm and
hurricane numbers?



“This record [of Atlantic Linking Atlantic storm numbers.to
tropical cyclone counts] ... ocean temperatures ‘

shows a strong, long-term
relationship with tropical
Atlantic August-October == Aug-Oct HADISST 6-18N, 20-601
3 === Annual Atlantic storm count
SST...The underlying
factor appears to be the
iInfluence of (primarily
anthropogenic) forced
large-scale warming.”

Eos, Vol. 87, No. 24, 13 June 20006

#=0.74 since 1970

Atlantic Hurricane Trends Linked
to Climate Change

. . termed the Atlantic Multidecadal Oscillation

PAGES 233,238,241 (AMO), while other studies suggest that cli-
R . mate change may instead be playing the
! u]rrr]i :;SNKU?OT; ec:fnoufl Aﬂaémc dom t role [Emanuel, 2005; Websier et al.,
2
believed to reflect, in large part temp; hO(l)JEs]ing a formal statistical analysis to sepa- 2 L L | | | | L
neous increases in tropical Atlantic warmth rate the estimat;d iniluentces .;f Anthropo b
[e.g.. Emanuel, 2005]. Some recent studies ‘ -
N 1860 1880 1900 1920 1940 1960 1980 2000 2020
ese ases to a

al.,2001] have atiributed geni_c cli_mate change_from_ possible natural
cyclical influences, this article presents
results indicating that anthropogenic factors
are likely responsible for long-term trends in
By M. E. Mann anp K. A EMANUEL tropical Atlantic warmth and tropical cyclone

Year




Marine Data Available [N g
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Geostationary and Low-
Earth Orb1t1110 Satellites
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Atlantic Hurricane Database Re-Analysis Project -

http://www.aoml.noaa.gov/hrd/data_sub/re_anal.html

1851 through 1955 changes accepted and officially
adopted by NHC. Revisions for 1956 to 1963 have
been submitted and are being considered. Remainder
of 201 Century currently being reanalyzed. ‘

RE-ANALYSES NEED TO BE CONDUCTED
GLOBALLY!!
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Annmnual North Atlantic Hurri

|

numbers over a century

Hurricane Database shows large
—50% - Increase In hurricane
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Atlantic ship
tratfic changes

Vecchi and Knutson (2008)
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Annual North Atlantic Hur
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After accounting for likely

«» “missed” hurricanes because of

lack of technology...hurricane
numbers show no change or even
slight decrease over a century
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Major (Category 3, 4, and 5) Hurricanes
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Atlantic Basin Major Hurricanes
1944 to 2014 (Reanalyzed through 1955)
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Atlantic Multidecadal Oscillation

" - SSTs, Vertical Shear and Cyclogenesis
Composites around AMM

Kossin and Vimont (2007)
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The Recent Increase in Atlantic
Hurricane Activity:

Causes and Implications

Stanley B. Goldenberg,'* Christopher W. Landsea,’
Alberto M. Mestas-Nunez,? William M. Gray?

The years 1995 to 2000 experienced the highest level of North Atlantic hur-
ricane activity in the reliable record. Compared with the generally low activity
of the previous 24 years (1971 to 1994), the past 6 years have seen a doubling
of overall activity for the whole basin, a 2.5-fold increase in major hurricanes
(=50 meters per second), and a fivefold increase in hurricanes affecting the
Caribbean. The greater activity results from simultaneous increases in North
Atlantic sea-surface temperatures and decreases in vertical wind shear. Because
these changes exhibit a multidecadal time scale, the present high level of
hurricane activity is likely to persist for an additional —10 to 40 years. The shift
in climate calls for a reevaluation of preparedness and mitigation strategies.
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Major (Category 3, 4, and 5) Hurricanes
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Atlantic Basin Major Hurricanes
1944 to 2014 (Reanalyzed through 1955)
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Warm
Atlantic
Phase
Remains
Thus Far...
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Future Horizon (t2) for Risk Level

.
-
L

(%6) 12A87 ¥s1Y

20 25 30

15

0

1

Years since last regime shi

Enfield and Cid (2006)



Future Horizon (t2) for Risk Level
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Future Horizon (t2) for Risk Level

...

hoh
bR
%

L]
| % ......_.
L}

y .
- -
() L

(%6) 12A87 ¥s1Y

Enfield and Cid (2006)

ime sh

ince last reg

ars since

Ye



Overall Tropical Storm and Hurricane

-~ Changes Due to Global Warming by 2100 |

Frequency: Numbers may see a moderate decrease (~25%)
Wind Intensity: Small increase (~3% stronger)

Storm Surge: Small increase (~3% higher) produced by the
hurricane (must also add on additional amount from
general sea level rise)

Rainfall: Moderate increase per tropical storm and hurricane (~10% within
200 mi of storm), but reduced frequency may offset increases

Genesis: Tropical storms and hurricanes to form slightly farther away from
North America

Track: Tropical storms and hurricanes to recurve slightly more often
over water and remain away from land



Hurricanes and Global Warming

Opinion piece by Christopher W. Landsea
November 2011

OUR CHoICE
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Hurricanes as the Poster-Child for Global Warming

Hurricanes have been depicted as the literal poster-child of the harmful impacts of global warming.
Without argument, hurricanes (which also include storms known as "typhoons" in the Northwest Pacific and
"severe tropical cyclones" in the Indian and Southwest Pacific) are extremely destructive and often
responsible for the deaths of hundreds and occasionally thousands of people. As an example, Hurricane

Katrina was responsible for the death of ~1200 and about $108 billion in damages.2 The before and after

pictures of the home of David and Kimberly King of Waveland, Mississippi show the incredible power of that
hurricane's storm surge and winds.

Opinion Piece on
Hurricanes and
Global Warming

http://www.aoml.noaa.
gov/hrd/Landsea/gw _
hurricanes/index.htm|



' Hurrlcangg and Cllmate Cﬁange _..%;z

Expectatlons ve ﬁ;,}j Observations
: e e

\V"-’ .
-




Hurricanes and Climate Change —
Expectations Versus, @bservations

. Relatively minor-manmade hurricane changes decades
Into the future .

. Huge decadal scale hurricane variations occurring
today
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Hurricanes and Climate Change —
Expectations Versus, @bservations

. Relatively minor-manmade hurricane changes decades
Into the future .

. Huge decadal scale hurricane variations occurring
today

. Huge vulnerability issues today, which will get
increasingly severe @s population grows



Hurricanes and Climate Change —
Expectations Versus, @bservations

. Relatively minor-manmade hurricane changes decades
Into the future .
. Huge decadal scale hurricane variations occurring
today
. Huge vulnerability issues today, which will get
increasingly severe @s population grows
. Need to address vulnerability issues now (no need to
“iInvoke possible minor changes decades from now):

a. Improved hurricane observational network



CYGNSS

- The Cyclone Global Navigation Satellite System

XOVWM

The Next-Generation Ocean
Surface Vector Winds Mission

QuikSCAT

Areas of high rain
Fig. 4 Simulated QuikSCAT, DFS and XOVWM wind vector retrievals for Katrina-like hurricane.




Hurricanes and Climate Change -
Expectations Versus, @bservations

. Relatively minor-manmade hurricane changes decades
Into the future ‘

. Huge decadal scale hurricane variations occurring
today

. Huge vulnerability issues today, which will get
increasingly severe @s population grows

. Need to address vulnerability issues now (no need to
““Invoke possible minor changes decades from now):
a. Improved hurricane observational network

b. Improved hurricane modeling/forecasting =

c. Improved building codes/land use

~_ .d. Improved evacuation/shelter plans
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Maximum Potential Intensity Change
Atlantic Basin: +1% stronger per °C SST change
Vecchi and Soden (2007)




Merging paleotempestology (sediment core records) s
with modern hurricane data
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Weighted, 11 Year Centered Mean

Landfalling Strong Hurricanes
1851 to 2009
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